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AMENDMENT B 

To expedite the process, please amend the application as follows. This 
claims will replace prior version, and listings, of claims in the application. It 
the amended claim listings to follow the same sole inventive concept: 



wll 



1 . (Currently amended) An ion trap, comprising: a three-dimensioi al 
rotationally symmetric ring electrode and two cap electrodes with surfai «s facing 
toward the inside of the ion trap, each said two cap electrodes being furflher 
composed of a plurality of component el e ctrodes, th e surfaces of said i 



electrode and cap e l e ctrodes b e ing shap e d to reduc e nonlinoaritv a first 



>one 



electrode and a second disk electrode : a first means for generating a tinfe- varying, 
substantially quadrupole field, said means furth e r comp e nsating the net linearity 
induo e d quadrupole fi e ld distortion; means for teas mass analysis, said i 
utilizing th e nonlinearity for providing high e r mass resolving power, aj 
means for generating an independent dipole field: a third means for geriferaiing an 



independent electrically variable electrostatic multipole field. 



(Currently amended) An ion trap of claim 65 . comprising: a rote ionally 



symmetric 



e qual or 
facing toward 



rib ring e l e ctrode out, in parallel to its c e ntral axis, into an e v e n lumber, 
larg e r than four, of e qual parts ond two cap electrod e s with sur aees 
)ward the insid e of the ion trap, said two cap e l e ctrode b e ing -fa the* 



compos e d of a plurality of oomponont el e ctrodes, the surfaces of said ri i tg 



electrode and eap el e ctrodes being shaped to reduc e nonlinoarity; mean; 
e l e ctrically operating said e ven number of e qual parts to switch said ion 



op e ration b e tw e en a three - dimensional mod e and o two - dim e nsional me d e ; m e an s 
for generating a time varying, substantially quacbupole fi e ld, said mean ■ further 



comp e nsating th e nonlineority induced quadrupol e field distortion whcr 
trap op e rating under th e three dimensional mode; means for generating 



RF multipol e fi e ld when said ion trap operating under th e two dimensio lnlmod e 



wherein said ion trap further includes cutting the three-dimensional rot 



isting of 
make 



n e ons 
i econd 



<OF 



top 



said ion 
h. linear 



ionallv 



- — — , — — otg iona 

symmetric ring electrode, in parallel to its central axis, into an even nunftber. equal 
or largqr than fpur, of qquql parts. 



3. (Currently amended) An ion trap of claim 1 T comprising: a thro e 



dim e nsional, rotationally symmetric ring el e ctrode ond two cap oloctrod > s with 
hyperbolic surfaces facing toward th e inside of said ion trap, each of sai 1 two cap 
e l e ctrodes b e in g further compos e d of a first hyperbolic cone el e ctrode a td-e 



second disk electrode, wherein said first means includes a RF or periodi s 
constructed and arranged for applying aRFor periodic voltage to said r 
electrode to generate a main quadrupole field in said ion trap; said 



secoi d 



includes an AC circuitry constructed and arranged for applying an AC \jbltage to 
said disk electrodes of said two cap electrodes to generate a dipole field m said 
ion trap; said third means includes a DC circuitry constructed and arranj ed for 



circuitry 
means 
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applying an DC voltage to said cone electrodes of said two cap electroc ss to 
generate an electrically variable electrostatic octopole field in said ion t ap. 



(Currently amended) An ion trap of claim L comprising: a thre* 



dimensional, rotationally symmetric ring ol e otrod e- and two cap e l e otroc es, the 
surface of each one of the cap electrodes consists of first portion of sph rical 
surface and a second portion of cone surface; the cross-sectional surfac of the 
ring electrode consists of a portion of circle and two straight lines joints d in 
orthogonal to the circle; the surfaces of the two cap electrodes facing tc Yard the 
inside of said ion trap. 

5. (Original) The ion trap of claim 4 wherein said cap electrodes b|ing 
further divided into a plurality of sets of component electrodes. 

6> (Cancelled) 



(Currently amended) The ion trap of claim 5 further compri s ing 



said first means includes a RF or periodic circuitry constructed and arr^iged for 
applying a RF or periodic voltage to said ring electrode to generate a 
quadrupole field in said ion top; said second means includes an AC ciituitry 
constructed and arranged for applying an AC voltage to a first set of saj|i 
of sets of component electrodes to generate a main dipole field in said 
said third means includes a DC circuitry constructed and arranged for 
DC voltage to a second set of said plurality of sets of component electrodes 
generate an electrically variable electrostatic octopole field in said ion 



-wherein 



plurality 
trap; 
allying an 
to 



i >n 



8. (Currently amended) A two-dimensional ion trap of claim 67 . comprising: 
two trapping plates located in the two teiminals of the ion trap device; i set of 
four predetermined surface-shaped rods located in the center, a set of e ectrodes 
located between the set four predetermined surface-shaped rods; a cont ol 
circuitry for applying a i^edetenruned voltage to said two trapping plat ;s, 

9. (Original) The ion trap of claim 8 further comprising a set of sh >rt 
quadrupole rods located between said predetermined surface-shaped ro Is and said 
two trapping plates. 

10. (Original) The ion trap of claim 8 wherein said a set of electrod >s being 
further composed of a set of four smaller diameter's cylindrical rods. 

1 1 . (Original) The ion trap of claim 8 wherein said a set of electrod :s being 
further composed of a set of four slice electrodes. 



1 2. (Currently amended) The ion trap of claim 8 further comprising 



said first means includes a RF circuitry constructed and arranged for applying 
RF voltage to said set of four predetermined surface shaped rods to 
main two dimensional quadrupole field: said second means includes ar 



wherein 



a 

a 

AC offset 



ger erate 
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circuitry constructed and arranged for applying an AC voltage to a pair af said set 
of four predetermined surface shaped rods to generate a main dipole fie d; said 
third means includes a DC circuitry constructed and arranged for apply ng a DC 
voltage to said set of electrodes to superimposes a two dimensional ele< trically 
variable electrodes octopole field within said two dimensional quadrupi >le field. 

13. (Original) The ion trap of claim 8 wherein said predetermined sjjirface- 
shaped is quadrupole surface-shaped. 



(ilMiiUlI! 



1 4. (Original) The ion trap of claim 8 wherein said predetermined 
shaped is cylinder surface-shaped. 



? where in said predetermined sin-face- 

sMirlace- 



15. (Original) A tandem mass spectrometers, comprising: a collisio t 
perform mass fragment, said collision cell having the structure of ion 
claim 8. 



16. 



(Cancelled) 



ti ip 



cell to 
as in 



17. (Currently amended) The ion trap of claim +6 2 wherein said pljjirality of 
even number of component electrodes being equally divided. 

1 8. (Currently amended) The ion trap of claim 4-6 2 wherein said pljjirality of 
even number of component electrodes being unequally divided. 

1 9. (Currently amended) The ion trap of claim 46 £ wherein said ptyrality of 
even number of component electrodes being symmetrically divided. 

20. (Currently amended) The ion trap of claim ±6 2 wherein said pjjjirality of 
even number of component electrodes being non-symmetrically divide L 

21. (Original) The ion trap of claim 17 wherein said even number i; chosen 
from the. group of four, six and eight. 

22. (Currently amended) The ion trap of claim 46 2 wherein said mechanism 
constructed and arranged to apply a RF or periodic voltage, with identi ;al polarity 
or phase, to said plurality of even number of component electrodes to qperate said 
ion trap under the three-dimensional quadrupole ion trap mode. 



23. (Currently amended) The ion trap of claim 46 2 wherein said pflirality 
even number of component electrodes being grouped into a first set co 
odd numbered component electrodes and a second set composed 
numbered component electrodes, said mechanism constructed and 
apply a first RF or periodic voltage to the first set electrodes, and a 
periodic voltage to the second set electrodes, to operate said ion trap 
two-dimensional linear ion trap mode; the first and second RF or periodic 
voltages having opposite polarities or phase deference of 1 80 degree 



I of ev^ n 
i arra lged 
, see >nd 
ui der 



of 

] iposed of 



to 
RF or 
the 
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24. (Currently amended) The ion trap of claim 46 65 wherein said iftechanism 
being an electrical switching device. 



ion 



25. (Currently amended) The ion trap of claim 44 2 wherein said 
operates to trap external inlet ions under the two-dimensional linear ior 
mode. 



trap 
trap 



26. (Currently amended) The ion trap of claim 44 2 wherein said io l trap 
operates to analyze the trapped ion-mass under the three-dimensional q ladrupole 
ion trap mode. 

27, 28. (Cancelled) 

29. (original) A method of operating an ion trap in claim 3, compris ing: 
keeping amplitude and frequency of the RF voltage or amplitude and p riod of the 
periodic voltage at predeteimined values; simultaneously sweeping or s canning 
the amplitude of the DC voltage and die amplitude and frequency of thi AC 
voltage vs. time to eject ion mass from the ion trap one after another. ; 

30. (original) A method of operating an ion trap in claim 7, said mq hod 
comprising: keeping amplitude and frequency of the RF voltage or am| litude 
period of the periodic voltage at predetermined values; simultaneously weeping 
or scanning the amplitude of the DC voltage and the amplitude and fre< uency of 
the AC voltage vs. time to eject ion mass from the ion trap one after an rther. 

31. (original) A method of operating an ion trap in claim 12, said nri sthod 
comprising: keeping amplitude and frequency of the RF voltage or ami Htude and 
period of the periodic voltage at predetermined values; simultaneously weeping 
or scanning the amplitude of the DC voltage and the amplitude and fre< uency of 
the AC voltage vs. time to eject ion mass from the ion trap one after aripther. 

32. (Cancelled) 

33. (original) A method of operating an ion trap in claim 3, said m^ hod 
comprising: keeping the frequency of the RF voltage or the period of tl e periodic 
voltage and the frequency of the AC voltage at predetermined values; I 
Simultaneously sweeping or scanning the amplitudes of the RF voltage or the 
periodic voltage, the AC voltage and the DC voltage vs the time to eje< t ion mass 
from the trap one after another. 

34. (original) A method of operating an ion trap in claim 7, said ms thod 
comprising: keeping the frequency of the RF voltage or the period of tlje periodic 
voltage and the frequency of the AC voltage at predetermined values; 
Simultaneously sweeping or scanning the amplitudes of the RF voltagd or the 
periodic voltage, the AC voltage and the DC voltage vs the time to eje< t ion mass 
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from the trap one after another. 

35, (original) A method of operating an ion trap in 12, said method 
comprising: keeping the frequency of the RF voltage or the period of tljjs periodic 
voltage and the frequency of the AC voltage at predetermined values; 
Simultaneously sweeping or scanning the amplitudes of the RF voltagd or the 
periodic voltage, the AC voltage and the DC voltage vs the time to ejec ; ion mass 
from the trap one after another. 

36, (Cancelled) 

37, (original) A method of operating an ion trap in claim 3, said me i hod 
comprising: setting the frequency of the AC voltage to zero; setting the amplitude 
of the AC voltage to be different from the amplitude of the DC voltage or zero; 
keeping the frequency of the RF voltage or the period of the periodic vi ltage at 
predetermined value; Simultaneously sweeping or scanning the ampliti des of the 
RF voltage and DC voltage vs, time to eject ion mass from the trap onej after 
another. 



;e or 



38* (original) A method of operating an ion trap in claim 7, said me hod 
comprising: setting the frequency of the AC voltage to zero; setting the 
of the AC voltage to be different from the amplitude of the DC voltag 
keeping the frequency of the RF voltage or the period of the periodic vi 
predetermined value; Simultaneously sweeping or scanning the amplitiides 
RF voltage and DC voltage vs. time to eject ion mass from the trap one 
another. 



amplitude 

zero; 
>ltage at 

ofthe 
after 



39. (original) A method of operating an ion trap in claim 12, said njjethod 
comprising: setting the frequency of the AC voltage to zero; setting the amplitude 
ofthe AC voltage to be different from the amplitude of the DC voltagei or zero; 
keeping the frequency of the RF voltage or the period of the periodic v >ltage at 
predetermined value; Simultaneously sweeping or scanning the ampliti des ofthe 
RF voltage and DC voltage vs. time to eject ion mass from the trap one after 
another. 

40. (Cancelled) 

41 . (Original) The ion trap of claim 3 wherein said DC circuitry is - ontrolled 
to adjust said electrically variable electrostatic octopole field to compe isate 
distortion of said quadrupole field. 



42. (Original) The method of claim 29 wherein said ion trap is seal|d 
vacuum chamber which is further pumped by a vacuum pump to provij e 
predetermined level of gas pressure in the trapj the method farther adju sts 
voltage, the DC voltage and the AC voltage along with the gas pressure 



in a 
a 

theRF 
in the trap 
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to eject the ions of the ion trap with maximum or near optimal jumping distance 
to optimize the mass resolving power. 

43, (Original) An ion trap system, comprising: an ion trap as in clai n 3, sealed 
within a vacuum chamber being pumped by a vacuum pump to providq gas 
pressure in the ion trap. 



clai n 



44. (Original) An ion trap system, comprising: an ion trap as in 
within a vacuum chamber being pumped by a vacuum pump to provide 
pressure in the ion trap. 



45. (Original) An ion trap system, comprising: an ion trap as in clai n 12, 
sealed within a vacuum chamber being pumped by a vacuum pump to jjjrovide gas 
pressure in the ion trap. 

46. (Cancelled) 

47. (Original) The ion trap system of claim 43 wherein said vacuurfl chamber 
having vacuum in the range between 10.sup.-2 to 10.sup.-l mbar. 



48. (Original) The ion trap system of claim 43 wherein said DC circuitry 
being constructed and arranged for applying an DC voltage to adjust 
of said electrically variable electrostatic octopole field in said ion trap 
the mass resolving power when said gas pressure is higher. 



: th ; 



49. (Original) A method for providing ions into ion trap system of i laim 43, 
comprising: introducing gas-phase molecules through a membrane intc an 
ionization area; ionizing said gas-phase molecules by a radioactive Ni peta source 
or multi-photon ionization of laser. 

50. (Original) The ion trap system of claim 44 wherein said vacuur| chamber 
having vacuum in the range between 10.sup.-2 to 10.sup.-l mbar. 

5 1 . (Original) The ion trap system of claim 44 wherein said DC cirjfuitry 
being constructed and arranged for applying an DC voltage to adjust tH * intensity 
of said electrically variable electrostatic octopole field in said ion trap ip optimize 
the mass resolving power when said gas pressure is higher. 

52. (Original) A method for providing ions into ion trap system of fllaim 44, 
comprising: introducing gas-phase molecules through a membrane intc an 
ionization area; ionizing said gas-phase molecules by a radioactive Ni peta source 
or multi-photon ionization of laser. 

53. (Original) The ion trap system of claim 45 wherein said vacuui^ chamber 
having vacuum in the range between 10. sup. -2 to lQ.sup.-l mbar. 
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54. (Original) The ion trap system of claim 45 wherein said DC circuitry 
being constructed and arranged for applying an DC voltage to adjust 
of said electrically variable electrostatic octopole field in said ion trap 
the mass resolving power when said gas pressure is higher. 



:th ! 



t) 



55. (Original) A method for providing ions into ion trap system of (Maim 45, 
comprising: introducing gas-phase molecules through a membrane into an 
ionization area; ionizing said gas-phase molecules by a radioactive Ni qjeta source 
or multi-photon ionization of laser. 

56. (Cancelled) 

57. (Cancelled) 

58. (Cancelled) 

59 ? (Original) An ion trap system, comprising: A three-dimensional ion trap, 
said ion trap being sealed within a vacuum chamber, said vacuum chanflber has 
vacuum in the range between 10.sup.-2 to 10.sup.-l mbar. 

60. (Original) The ion trap system of claim 59 wherein said three-djjmensional 
ion trap is a Paul trap. 

6 1 . (Original) A three-dimensional ion trap, comprising: A set of ct ? 
electrodes, each of said cap electrodes being further divided into a pred rtermined 
number of component electrodes having predetermined shape, a DC circuitry 
constructed and arranged for apply ing an DC voltage to a pair of said c >mponent 
electrodes of said cap electrodes to generate an independent electricallj variable 
electrostatic octopole field in said ion trap. 

62. (Original) An ion trap, comprising: a ring electrode, the ring eldbtrode 
being divided, in parallel to its central axis, into a plurality of even nun ber of 
component electrodes, said component electrodes being electrically iso ated from 
each other; a mechanism constructed and arranged for switching said ic n trap to 
operate between a three-dimensional quadrupole ion trap mode and a two- 
dimensional linear ion trap mode. 



63. (Original) The ion trap of claim 62 wherein said ring electrode 
cylindrical ring electrode. 



64. (New) The ion trap of claim 1 wherein said ion trap further incljkdes 
operating means for ions mass analysis, said means utilizing the indepe ident, 
electrically variable electrostatic multipole filed 



intensity 
optimize 



>a 
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65. (New) The ion trap of claim 1 wherein said ion trap further incl ides a 
mechanism for electrically switch said ion trap to operate between a thjjee- 
dimensional mode and a two-dimensional mode. 



66. (New) An ion trap of claim 2, said means for electrically switcl includes 
operating said even number of equal parts to switch said ion trap opera ion 
between a three-dimensional mode and a two-dimensional mode and w lerein said 
ion trap further includes means for generating a linear RF multipole fie d when 
said ion trap operating under the two-dimensional mode. 

67. (New) A two-dimensional ion trap, comprising: a first means j ar 
generating a time- varying, two-dimensional substantially quadrupole f sld, a 
second means for generating an independent dipole field; a third means for 
superimposing an independent, two-dimensional electrically variable e ectrostatic 
multipole field. 



1 1 
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